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nitrogen anD phosphorus resorption in tWo sympatric DeciDuous 
species along an eleVation graDient
Dudu Duygu kilic1, hamdi güray kutBay2, Tuğba ozBucak3 & rena huseyinoVa2
résumé.— La résorption de l’azote et du phosphore chez deux espèces décidues sympatriques le long 
d’un gradient altitudinal.— quelques traits foliaires (concentrations en n et p, n/p ratio, surface foliaire 
spécifique, temps moyen de résidence de l’azote et du phosphore (MRTn et mrtP) et résorption foliaire) 
ont été étudiés chez deux espèces décidues sympatriques (amelanchier rotundifolia (lam.) Dum.-courset 
subsp. rotundifolia et Rhamnus oleoides l. subsp. graecus) qui sont les espèces les plus caractéristiques 
de la végétation steppique et rupicole le long d’un gradient altitudinal et cela pour déterminer quels traits 
foliaires sont liés à l’efficience (NRE et PRE) et à la capacité (NRP et PRP) en azote et phosphore. Des dif-
férences statistiquement significatives ont été trouvées le long du gradient altitudinal entre les deux espèces 
pour ce qui concerne le n/p ratio des feuilles vertes, nre, mrtn, mrtp et la longévité foliaire. nre était 
sous les valeurs-seuils des espèces décidues pour a. rotundifolia subsp. rotundifolia bien que pre était plus 
élevé que les valeurs-seuils. tant nre que pre étaient plus élevés que les valeurs-seuils des espèces déci-
dues pour R. oleoides subsp. graecus. les concentrations en phosphore du sol sont apparues plutôt faibles 
au long du gradient altitudinal. les n/p ratios foliaires variaient entre 25,54 et 37,11 chez a. rotundifolia 
subsp. rotundifolia et entre 11,59 et 21,96 chez R. oleoides subsp. graecus ; ces valeurs indiquent une limi-
tation par p plutôt que par n chez ces espèces. comme pour nre et pre, les temps moyens de résidence 
des nutriments (mrtn et mrtp) étaient considérablement plus élevés chez R. oleoides subsp. graecus. a. 
rotundifolia subsp. rotundifolia a montré une faible concentration en p dans les feuilles vertes et un fort n/p 
ratio et a une stratégie cs (compétiteur / tolérant au stress) alors que R. oleoides subsp. graecus a un type 
de stratégie de transition c/cs (compétiteur / compétiteur – tolérant au stress). en conclusion des mrtn et 
mrtp élevés fourniraient un avantage compétitif à certaines espèces décidues dans des peuplements mixtes 
et permettraient de plus forts pre le long d’un gradient altitudinal.
summary.— Some leaf traits (N and P concentrations, N/P ratio, specific leaf area, mean residence 
time of nitrogen and phosphorus (mrtn and mrtp) and foliar resorption were investigated in two sym-
patric deciduous species (amelanchier rotundifolia (lam.) Dum.-courset subsp. rotundifolia and Rhamnus 
oleoides l. subsp. graecus) which are the most characteristic species of steppe and rocky vegetation along 
an elevation gradient to determine which leaf traits were related to nitrogen and phosphorus efficiency 
(NRE and PRE) and proficiency (NRP and PRP). Statistically significant differences were found along the 
elevation gradient between the two sympatric deciduous species with respect to green leaf n/p ratio, nre, 
mrtn, mrtp and leaf longevity. nre was below the threshold values for deciduous species in a. roundi-
folia subsp. rotundifolia although pre was higher than threshold values. Both nre and pre were higher 
than threshold values for deciduous species in R. oleoides subsp. graecus. soil phosphorus concentrations 
were found to be rather low along the elevation gradient. leaf n/p ratios varied between 25.54 and 37.11 
in a. rotundifolia subsp. rotundifolia, and 11.59 to 21.96 in R. oleoides subsp. graecus and these values 
indicate p rather than n-limitation for these species. as with nre and pre mean residence time of nutrients 
(mrt) both mrtn and mrtp were considerably higher in R. oleoides subsp. graecus. it has been found 
that a. rotundifolia subsp. rotundifolia has low green leaf p concentration and high n/p ratio and has a cs 
(competitor/ stress-tolerant) strategy, whilst R. oleoides subsp. graecus has a c/cs (competitor/ competitor 
stress-tolerant) transitional type strategy in conclusion, higher mrtn and mrtp would provide a compe-
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titive advantage of a certain species in mixed-deciduous species stands and also enable higher pre along 
an elevation gradient.
foliar resorption is a very complex process, several factors (i.e leaf traits) being involved 
(ozbucak et al., 2008). leaf nutrient status, time span of senescence and even differences between 
individual trees and soil fertility have been reported to influence nutrient resorption (Côte et al., 
2002; stewart et al., 2008). Mean residence time (MRT) and specific leaf area (SLA: the ratio 
of leaf area to leaf dry mass) are the most important and effective factors on nutrient resorption 
(garnier et al., 2001; Kilic et al., 2010). mrt measures how long a unit of a nutrient is present 
in the plant. additionally mrt of nutrients in leaves is a critical aspect of whole-plant function; 
it determines individual plant performance by controlling rates of leaf photosynthesis and respi-
ration (richardson et al., 2010). sla is an important leaf trait and closely related to leaf nitrogen 
concentration, and it has been found to be involved in an efficient conservation of nutrients (Gar-
nier et al., 2001). plant strategies (i.e grime’s csr strategies) can help understand n and p usage 
strategies of individual plants and link plant functional traits, environmental variations and eco-
system processes and foliar resorption patterns (yan et al., 2006; liao & Wang, 2010). some soil 
traits, for example soil moisture may also change along the elevation gradient and such changes 
may be effective on foliar resorption (Kutbay & ok, 2003). 
Nutrient resorption can be quantified by two indices, namely nutrient resorption efficiency 
(RE) and resorption proficiency (RP). Resorption efficiency can be defined as the proportion 
of the mature leaf nutrient pool that is resorbed. Nutrient resorption proficiency (RP) is simply 
the amount of a nutrient that remains in fully senesced leaves (Killingbeck, 1996; Kilic et al., 
2010). Resorption proficiency is mainly the result of two contrasting strategies, high nutrient 
resorption before senescence (high resorption efficiency) usually related to high nutrient requi-
rements, or low nutrient requirements coupled to long-lived tissues. RP also may reflect bio-
chemical limits of nutrient reuse among species adapted to various soil fertility conditions 
(aerts & chapin, 2000; Diehl et al., 2008; Du et al., 2011). 
two sympatric deciduous canopy species (amelanchier rotundifolia (lam.) Dum.-courset 
subsp. rotundifolia and Rhamnus oleoides l. subsp. graecus (Boiss. & reut.) holmboe) were 
selected for this study to investigate potential changes in foliar resorption along an elevation gradi-
ent. Both species co-occur and form closed canopies, and are characteristic species of steppe and 
rocky vegetation of central Black sea region (celep et al., 2006). these species have a height of 
3 m and are distributed along an elevation gradient (from 450 to 800 m); both are drought-decidu-
ous shrubs with a shorter lifespan. soil fertility and soil water content vary along the elevation gra-
dient. the present study addresses three main objectives: (a) to compare two sympatric deciduous 
species in terms of resorption efficiency and proficiency; (b) to determine which leaf parameters 
are related to nitrogen and phosphorus efficiency (NRE and PRE) and proficiency (NRP and PRP); 
and (c) to determine whether or not nitrogen and phosphorus resorption efficiency and proficiency 
and soil traits vary along an elevation gradient in these species.
materials anD methoDs
stuDy area anD sampling
this study was carried out along an elevation gradient in amasya (40o 39’30” n and 35o 51’ 00” e; 900 m. a. 
s. l.) which is a transitional area between euro-siberian and irano-turanian phytogeographic regions, situated in the 
north of turkey, where both species are widespread (Davis, 1967-1972). plots of 20 m x 20 m (400 m2) were chosen at 
low (450 m. a. s. l. ), middle (600 m. a. s. l.) and high (800 m. a. s. l.) altitudes from homogeneous places. red-brown 
soils which formed on limestone parent rocks were dominant along the catena. the total annual rainfall is 397.5 mm. 
Precipitation values during the study period ranged from 7.1 (September) to 69.4 mm (June). January (- 1.8o c) is the 
coldest month and august (31.9o c) is the hottest one (turkish state meteorological service, 2006). the climate of 
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the study area has a transitional character between semi-arid and humid mediterranean climates (turkish ministry of 
agriculture and forestry, 1991).
Individuals were selected ≥ 2.5 m. from the stems of neighbouring canopy trees to avoid potential microsite 
variation (Boerner & Koslowsky, 1989). Van heerwaarden et al. (2003) suggested pre-selection of leaves in order to 
minimize the risk of comparing green and senescent leaves of different cohorts. leaf longevity was determined in ten 
randomly individuals in each plot. five branches, located in the outer third part of the crown in each tree, were selected 
based on safe accessibility. In each branch, all buds were initially marked in January 2004. Five fully expanded leaves 
per individual plant were marked by tying a small tag to the leaf base. if new buds were produced and new leaves 
emerged, they were tagged during that year. leaf life span is the number of months each leaf is retained in the canopy 
from bud break until fall. When a leaf or at least two-thirds of its area turned yellow or brown, it was considered 
senesced (craine et al. 1999; Williams-linera, 2000; ren et al. 2011).
Leaves emerged towards the end of April and fully expanded in mid-June in both species. Leaves senesced 
during mid-August in both species. Green leaf samples of both species were sampled during mid-June. Recently fallen 
senesced leaves were collected at the end of august when leaves fully senesced. senescing leaves were collected 
directly from plants rather than from leaf litter, because decomposition of leaf litter and leaching of leaf n would lead 
to underestimates of n concentration in senescing leaves (yuan et al., 2005).
leaf samples of both species were scanned and the leaf area was calculated by using net cad software (anonymous, 
1999) and specific leaf area (SLA) was calculated. Leaf samples of both species were oven dried at 60o c until they 
reached a constant weight, and then weighed.
n and p concentrations per leaf area were used to calculate nutrient resorption. nitrogen and phosphorus resorption 
efficiency (NRE and PRE) (%) was calculated as the percentage of N, P and recovered from senescing leaves and 
calculated by: nre = (n mature green – n senescent) / n mature green × 100%, where: n mature green = n in mature 
green leaves, n senescent = n in senescent leaves. pre = (p mature green – p senescent) / p mature green × 100%, 
where: p mature green = p in mature green leaves, p senescent = p in senescent leaves (lima et al., 2006). the mean 
residence time (mrt, years) of a unit of n (mrtn) and p (mrtp) in the leaf was estimated as mrt= leaf life span * 1/ 
(1-r) where r is the nutrient resorption efficiency and leaf life span is expressed in years (Aerts & Chapin, 2000).
grime’s csr (c: competitive; s: stress-tolerant; r: ruderal) strategies were used to compare both sympatric 
species with respect to n and p usage strategies by using a program developed in microsoft excel. canopy height, dry 
matter content, flowering period, the onset of flowering, lateral spreading, dry leaf weight and specific leaf area were 
used to determine the appropriate grime’s category for the studied species (hodgson et al.,1999).
chemical analyses
leaf samples were digested in a mixture of nitric and perchloric acids, with the exception of samples for n 
analysis. nitrogen was determined by the micro Kjeldahl method with a Kjeltec auto 1030 analyzer (tecator, sweden) 
after digesting the samples in concentrated h2so4 with a selenium catalyst. p was determined with the stannous chloride 
method using a Jenway spectrophotometer (Allen et al., 1986).
five soil samples of 0-30 cm depth were collected using an auger at each elevation from may to september. 
the soil samples were air-dried and then sieved to pass through a 2-mm screen. the ph values were measured in 
deionized water (1:1). soil nitrogen (g/kg) was determined by the micro Kjeldahl method. soil phosphorus (g/kg) was 
determined spectrophotometrically following extraction by ammonium acetate. organic matter (g/kg) concentration 
was determined using the Walkley-Black method (allen et al., 1986). to determine soil moisture (cm3 h2o/100 cm3 
soil), samples of approximately 250-300 g were placed in soil pins, weighed fresh, dried at 105o c for 48 h, then 
weighed dry; soil moisture was then calculated on a volume basis (Boerner, 1984). soil nutrient concentrations were 
determined according to allen et al. (1986). taxonomic nomenclature for plant species followed that of Brummitt & 
powell (1992).
statistical analyses
Nested ANOVA was used to compare two deciduous species with respect to leaf traits, foliar resorption efficiency 
and proficiency (fixed factor: species; nested random factor: elevation gradient). Tukey’s honestly significant difference 
(hsD) test was used to rank means. statistical analyses were carried out by using spss version 10.0 (1999). stepwise 
multiple regression was used to show the interactions between leaf and soil traits. Data were tested for normality using 
the Kolmogorov-Smirnov test. Following analysis of variance, Pearson correlation coefficients among leaf and soil 
traits were also calculated.
results
leaf lifespan was found to be 175 and 195 days in a. rotundifolia subsp. rotundifolia and 
R. oleoides subsp. graecus, respectively.
Statistically significant differences were found along the elevation gradient between the two 
sympatric deciduous species with respect to green leaf n/p ratio, mrtn, mrtp and leaf longe-
vity. however, no altitudinal gradient was found between the two species with respect to pre, 
NRP and, PRP although NRE was significantly changed along the elevation gradient (Tab. I).
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taBle i
Elevation differences between two sympatric species regarding leaf traits by NESTED ANOVA
 source type iii sum of squares df mean square f
gre.sla 
species 52.855 1 52.86 4.57ns
elevation 38.618 2 19.31 1.67ns
species * elevation 23.135 2 11.57 35.97**
gre. lma 
species 2.316 1 2.32 4.93ns
elevation 1.394 2 0.70 1.49ns
species * elevation 0.939 2 0.47 32.35**
sen. sla 
species 0.004 1 0.00 0.13ns
elevation 0.546 2 0.27 10.02ns
species * elevation 0.054 2 0.03 2.54ns
sen. lma 
species 11.632 1 11.63 7.13ns
elevation 1.851 2 0.93 0.57ns
species * elevation 3.261 2 1.63 27.23**
gre. n/p 
species 11802.016 1 11802.02 38.62*
elevation 6190.971 2 3095.49 10.13ns
species * elevation 611.245 2 305.62 2.21ns
nre
species 141533.19 1 141533.19 253.48**
elevation 22801.18 2 11400.59 20.42*
species * elevation 1116.702 2 558.35 3.15*
pre
species 20591.323 1 20591.32 6.50ns
elevation 21625.608 2 10812.80 3.41ns
species * elevation 6340.438 2 3170.22 7.73**
nrp
species 249.674 1 249.67 0.26ns
elevation 5876.451 2 2938.23 3.05ns
species * elevation 1927.353 2 963.68 16.60**
prp
species 2.036 1 2.04 0.35ns
elevation 6.176 2 3.09 0.53ns
species * elevation 11.56 2 5.78 20.69**
gre.n µg/cm2
species 314.72 1 314.72 0.11ns
elevation 2608.146 2 1304.07 0.44ns
species * elevation 5893.622 2 2946.81 42.17**
gre.p µg/cm2
species 52.39 1 52.39 0.49ns
elevation 256.329 2 128.16 1.19ns
species * elevation 215.398 2 107.70 21.99**
sen.n µg/cm2
species 249.674 1 249.67 0.26ns
elevation 5876.451 2 2938.23 3.05ns
species * elevation 1927.353 2 963.68 16.60**
sen.p µg/cm2
species 2.036 1 2.04 0.35ns
elevation 6.176 2 3.09 0.53ns
species * elevation 11.56 2 5.78 20.69**
 – 413  –
 source type iii sum of squares df mean square f
sen. n/p 
species 16531.623 1 16531.62 1.01ns
elevation 3138.267 2 1569.13 0.10ns
species * elevation 32691.184 2 16345.59 25.83**
species 2.967 1 2.97 202.07**
mrtn elevation 0.68 2 0.34 23.15*
species * elevation 0.029 2 0.02 3.02*
species 8.291 1 8.291 29.091*
mrtp elevation 3.015 2 1.5075 18.163*
species * elevation 0.165 2 0.083 11.325**
species 0.201 1 0.20 16.57**
leaf longevity elevation 0.024 2 0.01 10.01**
species * elevation 2.38x10-5 2 0.00 0.06ns
error 0.061 294 0.00
NS: Not significant; df: Degrees of freedom. **P < 0.01; *P < 0.05. Gre.: Green leaf; Sen.: Senescence leaf.
pre was higher in R. oleoides subsp. graecus than in a. rotundifolia subsp. rotundifolia 
and did not show a trend with altitude in a. rotundifolia subsp. rotundifolia. however, all of the 
other leaf traits varied significantly along the elevation gradient in both species (Tab. II).
positive correlations were found between green leaf n and p concentrations and nre 
and pre, respectively in a. rotundifolia subsp. rotundifolia. mrtn and mrtp were signifi-
cantly correlated most of the leaf traits, whereas mrtn and mrtp were not correlated with 
each other (tab. iii). however, mrtn and mrtp were significantly correlated in R. oleoides 
subsp. graecus. Green leaf N and P concentrations were also significantly correlated. MRTn 
and mrtp were significantly correlated with PRE and PRP, respectively in R. oleoides subsp. 
graecus. leaf longevity was correlated with mrtn as for a. rotundifolia subsp. rotundifolia 
(tab. iV).
All of the soil traits varied significantly along the elevation gradient except for soil pH and 
tended to increase along the elevation gradient. soil nitrogen and phosphorus concentrations 
were found to be rather low along the elevation gradient, while soil organic matter concentra-
tions were at medium level (tab. V). soil available n concentration and soil moisture were 
significantly related to leaf longevity in a. rotundifolia subsp. rotundifolia. Such significant 
relationships were also found among mrtp and green leaf lma, and soil moisture, respec-
tively in R. oleoides subsp. graecus. Significant relationships were also found between green 
leaf lma and soil available phosphous concentration in R. oleoides subsp. graecus (tab. Vi). 
a. rotundifolia subsp. rotundifolia exhibits a cs (competitor/ stress-tolerant) strategy, 
whilst R. oleoides subsp. graecus exhibits a c/cs (competitor/ competitor stress-tolerant) tran-
sitional type strategy.
Discussion
aerts (1996) reported that average values of nre and pre in deciduous species were 
54 % and 50 %, respectively. nre was below these average values in a. rotundifolia subsp. 
rotundifolia although pre was higher than mean values. Both nre and pre were higher than 
mean values in R. oleoides subsp. graecus. Both species were N and P-proficient compared 
to the benchmark levels according to Killingbeck (1996) who stated that resorption is highly 
proficient in plants that have reduced nitrogen and phosphorus during their senescent stages to 
concentrations below 50 µg cm-2 and 8 µg cm-2, respectively.
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taBle V
Soil traits along the elevation gradient (± SE). Means followed by the same letter are not significantly different at the 
0.05 level using Tukey’s HsD test
elevation 450 m 600 m 800 m
total nitrogen (%) 0.12 ± 0.03c 0.13 ± 0.03b 0.19 ± 0.03a
available phosphorus (ppm) 5.63 ± 0.20b 5.06 ± 0.20b 8.51 ± 0.20a
soil organic matter (%) 2.45 ± 0.05c 2.65 ± 0.05b 3.89 ± 0.05a
soil moisture (%) 48.40 ± 0.51c 58.00 ± 0.51b 72.00 ± 0.51a
ph 7.66 ± 0.01a 7.70 ± 0.01a 7.66 ± 0.01a
taBle Vi
Regression anaysis between leaf and soil traits in both species (in bold significant values)
  a. rotundifolia R. oleoides
  Beta std. error t sig. Beta std. error t sig
gre. sla 
(constant) 35.73 0.44 0.67ns 51.88 -0.06 0.95ns
soil moisture 0.55 0.06 0.55 0.59ns -1.22 0.09 -1.40 0.18ns
ph -0.10 4.72 -0.27 0.79ns 0.08 6.85 0.27 0.79ns
available phosphorus 0.66 0.16 1.50 0.15ns 0.09 0.24 0.24 0.81ns
available n -1.16 22.97 -0.92 0.37ns 0.70 33.35 0.64 0.53ns
gre.lma 
(constant) 86.36 0.15 0.88ns 159.89 -0.51 0.62ns
soil moisture -0.46 0.15 -0.47 0.64ns -0.22 0.27 -0.24 0.81ns
ph 0.02 11.40 0.05 0.96ns 0.19 21.11 0.58 0.57ns
available phosphorus -0.69 0.40 -1.57 0.13ns -0.98 0.73 -2.48 0.02*
available n 1.03 55.52 0.83 0.41ns 1.16 102.78 1.03 0.32ns
sen sla 
(constant) 7.23 0.37 0.71ns 7.99 0.15 0.88ns
soil moisture 0.33 0.01 0.34 0.74ns -0.12 0.01 -0.12 0.90ns
ph -0.10 0.95 -0.28 0.78ns -0.02 1.06 -0.05 0.96ns
available phosphorus -0.44 0.03 -1.01 0.32ns 0.02 0.04 0.04 0.97ns
available n -0.17 4.65 -0.14 0.89ns -0.25 5.14 -0.20 0.84ns
sen.lma 
(constant) 22.02 -0.20 0.85ns 28.55 0.54 0.59ns
soil moisture -0.46 0.04 -0.48 0.63ns 0.60 0.05 0.63 0.54ns
ph 0.09 2.91 0.28 0.79ns -0.18 3.77 -0.51 0.61ns
available phosphorus 0.63 0.10 1.50 0.15ns -0.23 0.13 -0.54 0.59ns
available n 0.06 14.16 0.05 0.96ns -0.10 18.35 -0.08 0.94ns
nre
(constant) 1027.90 -0.07 0.65ns 1053.24 -1.11 0.75ns
soil moisture 0.89 1.76 -1.33 0.36ns 1.17 1.80 -1.67 0.24ns
ph -0.15 135.71 0.14 0.67ns -0.11 139.05 1.16 0.76ns
available phosphorus -0.47 4.72 -0.41 0.28ns 0.14 4.83 0.58 0.75ns
available n -0.59 660.75 1.11 0.63ns -1.40 677.04 1.32 0.27ns
pre
(constant) 1475.83 0.46 0.98ns 1541.02 0.33 0.81ns
soil moisture -0.02 2.52 0.93 0.98ns 0.67 2.63 1.20 0.51ns
ph 0.03 194.84 -0.43 0.95ns 0.10 203.45 -0.31 0.79ns
available phosphorus -0.11 6.77 -1.11 0.82ns 0.07 7.07 0.32 0.88ns
available n 0.09 948.68 -0.49 0.95ns -0.73 990.58 -1.14 0.56ns
 – 418  –
nrp
(constant) 543.55 -0.03 0.59ns 620.63 -0.24 0.58ns
soil moisture -1.42 0.93 -0.02 0.14ns -1.12 1.06 0.68 0.23ns
ph 0.22 71.76 0.07 0.52ns 0.20 81.94 0.27 0.55ns
available phosphorus 0.26 2.49 -0.23 0.53ns -0.20 2.85 0.15 0.63ns
available n 1.13 349.40 0.07 0.35ns 1.70 398.95 -0.59 0.15ns
prp
(constant) 27.83 -0.55 0.84ns 47.96 -0.56 0.35ns
soil moisture 0.98 0.05 -1.52 0.32ns -0.02 0.08 -1.23 0.98ns
ph -0.07 3.67 0.66 0.83ns -0.32 6.33 0.61 0.38ns
available phosphorus -0.06 0.13 0.63 0.88ns -0.19 0.22 -0.49 0.67ns
available n -0.65 17.89 0.96 0.59ns -0.01 30.83 1.49 0.99ns
gren µg/cm2
(constant) 749.12 0.21 0.68ns 520.33 0.95 0.68ns
soil moisture -0.09 1.28 1.02 0.93ns 0.43 0.89 -0.02 0.63ns
ph -0.11 98.90 -0.21 0.76ns 0.15 68.70 -0.90 0.64ns
available phosphorus -0.41 3.44 -0.15 0.35ns 0.10 2.39 -0.43 0.80ns
available n 0.15 481.54 -0.54 0.90ns 0.02 334.48 -0.01 0.98ns
grep µg/cm2r
(constant) 186.60 0.42 0.90ns 104.13 -0.42 0.55ns
soil moisture 0.21 0.32 -0.10 0.83ns 1.69 0.18 0.48 0.07ns
ph 0.04 24.63 -0.30 0.92ns -0.19 13.75 0.48 0.56ns
available phosphorus -0.12 0.86 -0.95 0.79ns -0.07 0.48 0.26 0.85ns
available n 0.28 119.95 0.12 0.82ns -1.74 66.93 0.02 0.14ns
gre.n/p 
(constant) 1026.41 -0.12 0.94ns 464.84 0.60 0.28ns
soil moisture -1.28 1.75 0.22 0.20ns -1.55 0.79 1.89 0.11ns
ph 0.05 135.51 0.10 0.89ns 0.39 61.37 -0.59 0.26ns
available phosphorus -0.17 4.71 -0.27 0.69ns 0.24 2.13 -0.19 0.57ns
available n 1.34 659.79 0.23 0.28ns 1.55 298.80 -1.55 0.20ns
sen.n µg/cm2
(constant) 543.58 -0.55 0.59ns 620.63 -0.56 0.58ns
soil moisture -1.42 0.93 -1.52 0.14ns -1.12 1.06 -1.23 0.23ns
ph 0.22 71.76 0.66 0.52ns 0.20 81.94 0.61 0.55ns
available phosphorus 0.26 2.49 0.63 0.53ns -0.20 2.85 -0.49 0.63ns
available n 1.13 349.42 0.96 0.35ns 1.70 398.95 1.49 0.15ns
sen.p µg/cm2
(constant) 27.85 0.21 0.83ns 47.96 0.95 0.35ns
soil moisture 0.98 0.05 1.02 0.32ns -0.02 0.08 -0.02 0.98ns
ph -0.08 3.68 -0.22 0.83ns -0.32 6.33 -0.90 0.38ns
available phosphorus -0.07 0.13 -0.15 0.88ns -0.19 0.22 -0.43 0.67ns
available n -0.65 17.90 -0.54 0.59ns -0.01 30.83 -0.01 0.99ns
sen. n/p 
(constant) 1668.85 -0.46 0.65ns 1775.92 -1.56 0.13ns
soil moisture -1.40 2.85 -1.51 0.14ns -1.08 3.03 -1.11 0.28ns
ph 0.18 220.33 0.53 0.60ns 0.55 234.46 1.57 0.13ns
available phosphorus 0.17 7.66 0.40 0.69ns 0.06 8.15 0.14 0.89ns
available n 1.06 1072.76 0.91 0.37ns 1.29 1141.58 1.05 0.30ns
mrtn
(constant) 5.05 -0.42 0.68ns 5.57 -0.26 0.79ns
soil moisture -1.08 0.01 -1.15 0.26ns -1.61 0.01 -1.80 0.09ns
ph 0.17 0.67 0.49 0.63ns 0.11 0.74 0.33 0.74ns
available phosphorus 0.43 0.02 1.04 0.31ns 0.05 0.03 0.14 0.89ns
available n 0.78 3.24 0.66 0.52ns 1.48 3.58 1.31 0.20ns
 – 419  –
mrtp
(constant) 7.07 0.08 0.94ns 4.92 -0.36 0.72ns
soil moisure -0.09 0.01 -0.09 0.93ns -2.08 0.01 -2.61 0.02*
ph -0.02 0.93 -0.05 0.96ns 0.13 0.65 0.46 0.65ns
available phosphorus 0.10 0.03 0.21 0.84ns -0.03 0.02 -0.09 0.93ns
available n 0.02 4.54 0.02 0.99ns 2.01 3.17 2.01 0.06ns
leaf longevity
(constant) 0.52 0.10 0.92ns 1.35 0.26 0.80ns
soil moisture -2.54 0.00 -3.58 0.01** -0.96 0.00 -0.99 0.33ns
ph 0.23 0.07 0.92 0.37ns 0.06 0.18 0.17 0.87ns
available phosphorus -0.18 0.00 -0.58 0.57ns 0.22 0.01 0.51 0.62ns
available n 2.48 0.34 2.77 0.01** 0.64 0.87 0.52 0.61ns
**p < 0.01;*p < 0.05 NS: Not significant.
Significant negative correlations were found between green leaf N concentrations and 
sla in both species. since sla is a function of leaf thickness and density, the nitrogen concen-
trations of tissue types contributing to variation in thickness and density could affect the rela-
tionship between sla and leaf n concentration (garnier et al., 1997; Wright & Westoby, 
2001). We found that green leaf lma values were the highest at 600 m and nre was increased 
at 600 m in both species and NRE was significantly changed along the elevation gradient. 
raghubanshi (2008) also found an increase in n resorption with altitude. milla et al. (2008) 
and hidaka & Kitayama (2011) also reported that increased lma implies an increased resorp-
tion to structural tissues and NRE was more efficient in the highland populations, respectively. 
green leaf n concentration was positively correlated with nre and higher in a. rotundifolia 
subsp. rotundifolia from 450 to 600 m with respect to R. oleoides subsp. graecus. chapin & 
Kedrowski (1983) and campanella & Bertiller (2010) stated that this could be partially explai-
ned by the fact that n-rich species usually contain larger amounts of highly retranslocable n 
than n poor ones.
a severe p-limitation occurred in the study area and it has been reported that plants grow-
ing in P-limiting conditions would be more favoured by high resorption efficiency (Covelo et 
al., 2008). High coefficient of variation (CV) values were found for PRP at 600 m and MRTp 
at 800 m in a. rotundifolia subsp. rotundifolia. similarly, high cV’s were found for prp at 
450 m, pre at 800 m and mrtp at 800 m in R. oleoides subsp. graecus. high cV’s could 
be indicated p is a more limiting nutrient than n in the study area, so its foliar concentration 
reflects the differences in availability of P (Covelo et al., 2008). high cV’s were also found 
with respect to senescence leaf p concentrations and senescence leaf n/p ratio. this may be a 
result of the physiological processes involved in leaf senescence being concentrated in a short 
period of the year (covelo et al., 2011).
nre and pre were higher in R. oleoides subsp. graecus at 450 and 600 m than in a. 
rotundifolia subsp. rotundifolia indicating that R. oleoides subsp. graecus is better adapted 
to p-limited soils and this could be regarded as evidence that R. oleoides subsp. graecus has 
a competitive advantage. Leaf nutrient concentrations reflect both genotypic and phenotypic 
sources of variation, and nutrient availability may increase nutrient concentrations within spe-
cies, especially when a particular nutrient becomes limiting (aerts & chapin, 2000; covelo 
et al., 2011). It has been stated that P limitation of plant growth may have a stronger influence 
than n in dry habitats like the study area (chen et al., 2011).
Significant differences were found between the two species with respect to green leaf N/P 
ratio. the n/p ratio of plant species may vary largely with species (Du et al., 2011). further 
evidence of strong p limitation in the study area is present at the community-level because leaf 
n/p ratios that shift along the elevation gradient from 25.54 to 37.11 and 11.59 to 21.96 in a. 
rotundifolia subsp. rotundifolia, and R. oleoides subsp. graecus, respectively and n/p ratios > 
12.5 indicate p limitation (finzi et al., 2004). these n/p values indicate p rather than n limita-
tion for these species. soil nitrogen and phosphorus concentrations were low along the eleva-
tion gradient and phosphorus can be limiting in calcareous soils such as those in the study area 
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(paula et al., 2008). n/p ratio of the senescence leaves of both deciduous species were rather 
high as compared to green leaf n/p ratio. the increase in foliar n/p ratio during senescence 
suggests prefential resorption of p relative to n (Wood et al., 2011).
it has been found that a. rotundifolia subsp. rotundifolia has low green leaf p concentra-
tion and high n/p ratio except for 800 m and has a cs (competitor/ stress-tolerant) strategy, 
whilst R. oleoides subsp. graecus has a c/cs (competitor/ competitor stress-tolerant) transi-
tional type strategy. CS species that have low P concentration and high N/P ratios partly reflect 
slow growth, and partly their efficient internal cycling of P (Finzi et al., 2004). plants with low 
leaf-nutrient concentrations tend to minimize nutrient loss through leaf shedding and are good 
examples of stress-tolerators (milla et al., 2005a; Kilic et al., 2010).
We found significant correlations between green leaf N/P ratio and NRP and PRP, and 
senescence leaf n/p ratio and nrp in a. rotundifolia subsp. rotundifolia. however, only senes-
cence leaf n/p ratio and prp were negatively correlated in R. oleoides subsp. graecus. ratnam 
et al. (2008) stated nrp and prp appear to be responsive to n/p ratios. We also found that 
there was a negative correlation between green leaf p concentration and green leaf n/p ratio in 
both species. In addition to this, significant differences were found between both species with 
respect to green leaf n/p ratios. hidaka & Kitayama (2011) reported that green leaf n/p ratios 
increase with decreasing green leaf p concentrations in several species all over the world. 
Leaf longevity was significantly changed along the elevation gradient. A significant cor-
relation was also found between mrtn and leaf longevity, respectively in both species. in 
addition to this, leaf longevity was correlated with nre and nrp in a. rotundifolia subsp. 
rotundifolia and mrtn and mrtp in R. oleoides subsp. graecus, respectively. several other 
researchers (eckstein et al., 1999; campanella & Bertiller, 2010) found such a relationship and 
this relationship indicates leaf longevity and mrtn could be interrelated processes. leaf lon-
gevity is generally responsible for variation in foliar nutrients and RE and clarified as a com-
mon strategy for n conservation (chapin, 1980; hemminga et al., 1999; Wood et al., 2011). 
Statistically significant differences were found between the two deciduous species with 
respect to mrtn and mrtn which were all higher in R. oleoides subsp. graecus than a. 
rotundifolia subsp. rotundifolia. Both mrtn and mrtp were significantly higher at 600 m 
in R. oleoides subsp. graecus individuals. long nutrient mean residence time is thought to be 
particularly advantageous in infertile habitats like the study area and high mrtn and mrtp 
would provide an advantage to R. oleoides subsp. graecus over a. oleoides subsp. oleoides 
with respect to optimal n and p usage and mrtn is thought to play a particular important role 
in interspecific plant competition (Wright & Westoby, 2003; Milla et al., 2005b). Some signifi-
cant relations among mrt and leaf longevity and soil moisture suggest that soil moisture may 
partially control some leaf traits (Kutbay & ok, 2003).
our results imply that higher mrtn and mrtp would provide a competitive advantage 
to a certain species in mixed-deciduous species stands and also enable higher pre especially 
under p-limitation along an elevation gradient.
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